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Preface 
The basis of my current research stemmed from my previous project in which I 
investigated the effect of a single session of exercise on cognitive performance. I found a 
pattern of cognitive improvement with performance on more challenging task benefitting 
more compared to less challenging tasks but only in females compared to males. I was then 
curious whether the duration of exercise also plays a role. Therefore, I planned to investigate 
whether the cognitive benefits would vary depending on the duration of exercise. Moreover, 
how they would differ in relation to task complexity and whether there would be any sex 
effects. 
I had started my research with the initial idea to investigate the three – way interaction 
between exercise duration, task complexity and sex. The conducted power analysis showed a 
sample size of 48 participants to detect a medium effect size with 80% power. Unfortunately, 
due to the disruption caused by COVID-19 I was not able to test 48 participants. Therefore, 
after discussing with my supervisor we planned to move forward with only investigating the 
main effects rather than the interaction as it would require a smaller size and conducted 
another power analysis that determined the current sample size of 36 with 80% power to 
detect medium large effect.  
Even though I was not able to investigate my initial research idea, I have learned and 
gained a lot of experience on the way. Throughout my journey this year, I am really grateful 
for having Liana Machado as my supervisor as I would not have been able to finish my thesis 
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Abstract 
Previous research indicates that even a single bout of exercise can improve cognitive 
performance and mood, but this has largely been demonstrated using specialised exercise 
equipment. Thus, there is need for an intervention that is easily translatable into everyday 
life. Considering this, the current study used stair climbing as a form of exercise intervention 
that is easily accessible and has high ecological validity. Building on recent evidence that 
stair climbing has positive effects on cognitive performance and mood, in the current study 
we sought to investigate a potential dose-response relationship between stair climbing 
duration and cognitive performance and mood, using a controlled randomised cross-over 
design. Thirty-six participants (mean age = 19.72 ± 2.20 years) attended three sessions: 
control, 3 stair climb and 6 stair climb. The stair climb sessions differed in the duration of 
exercise. During the 3 stair climb session participants completed 3 × 1 min stair climbing 
whereas for the 6 stair climb session participants completed 6 × 1 min stair climbing, with 45 
s rest (walking) in between the intervals during both sessions. Participants completed 
cognitive tests (Pro, Anti, Pro/Anti) and visual analogue mood scales during each session, 
either after exercise during the stair climb sessions, or without exercise during the control 
session. Regarding cognitive performance, consistent with our hypothesis, we found a main 
effect of session, with the pattern of overall cognitive performance consistent with a dose-
response relationship. Additionally, performance on the Pro/Anti task showed a dose-
response pattern, with tendencies for better performance during the 6 stair climb session 
compared to 3 stair climb session. Mood benefits were limited and for the most part did not 
show dose-response relationships, although participants reported feeling more energetic post 
the 6 × 1 stair climbing protocol. Overall, the findings suggest that 6 stair climbing intervals 
is more beneficial than 3 stair climbing intervals, and stair climbing can be used as an 
effective intervention to improve cognition and mood. 
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Dose-response relationship between stair climbing duration and cognitive performance and 
mood in healthy young adults: A randomised cross-over controlled trial 
There is an abundance of evidence that exercise benefits physical health (e.g., reduces 
the risk of developing diabetes, osteoporosis etc; Helmrich et al., 1991; Howe et al., 2011; 
Ruegsegger & Booth, 2018), mental health (e.g., treatment of depression, anxiety, and panic 
disorders; Paluska & Schwenk, 2000; Taylor et al., 1985), and overall wellbeing (Faulkner & 
Sparkes, 1999). Recent research also suggests that there is a link between exercise and better 
cognitive functioning in healthy young adults (Guiney & Machado, 2013). Although it is 
assumed that cognitive functioning is at its peak in healthy young adults, evidence from the 
World Health Organization (2020) shows that the inclination to live a sedentary lifestyle is 
increasing in young populations, which negatively affects cognitive functioning (Loprinzi & 
Kane, 2015). Considering the importance of effective cognitive functioning in everyday life, 
investigating the relationship between exercise and cognition is important. Research has also 
shown that exercise can positively affect mood, as it increases positive mood states 
(happiness, calmness) and decreases negative mood states (sadness, tense; Hoffman & 
Hoffman, 2008). Studies using specialised exercise equipment have shown that even a single 
bout of exercise referred to as acute exercise benefits cognition and mood (Cox et al., 2006; 
Hogan et al., 2013). But there is a need to develop an acute form of exercise that is easily 
accessible and readily translatable to everyday life.  
The following subsections will separately review relevant evidence to cognition, 
variation in the methodologies of exercise studies, moderate intensity exercise and cognition, 
exercise intensity and cognition, dose-response relationship between exercise duration and 
cognition, exercise and mood states and then briefly introduce the current study. 
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Cognition  
Cognition refers to the mental processes that are necessary to acquire and process 
information about everyday life, and to make decisions to produce appropriate responses 
(Magni & Bilotta, 2016). Research has shown that acute exercise seems to be particularly 
beneficial for complex cognitive abilities, including core components of executive function 
(Guiney & Machado, 2013; Ludyga et al., 2018). Executive function refers to higher level 
cognition; that is, the top down mental processes that are necessary for goal-directed 
cognition and behaviour, with core components including concentration, attention, response 
inhibition, working memory, and switching ability (Diamond, 2013). Response inhibition, or 
inhibitory control, refers to controlling one’s attention, behaviour, and thoughts to 
override/supress a prepotent action that may interfere with goal directed behaviour  
(Diamond, 2013). For example, in a student’s everyday life, avoiding social media while 
studying would require the use of inhibitory control to not engage with social media and 
instead focus on the goal directed behaviour of studying. Working memory involves retaining 
information in short term memory stores while simultaneously manipulating it to guide 
decision making behaviour (Diamond, 2013). For example, while listening to a conversation, 
we need to process it so that we can reply to it with our own opinion. Task 
switching/cognitive flexibility relies on a combination of both working memory and 
inhibitory control. It refers to switching between two different but concurrent tasks, inhibiting 
the response associated with the previously relevant task and working out how to respond to 
the next task at the same time (Diamond, 2013). For example, holding a conversation with 
someone on the phone and driving at the same time involves switching between two tasks. 
Variations in the Methodologies of Exercise Studies 
A lot of research has shown that exercise positively influences cognitive performance, 
although there is a lot of variation in their experimental protocols. The majority of research 
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on the benefits of exercise has focused on long periods of physical activity, for example, a six 
week intervention (Stroth et al., 2009; Vidoni et al., 2015), although recent studies have 
shown that acute, short bouts of exercise can also enhance cognitive performance and mood 
to a comparative degree (Ludyga et al., 2018; Sibley et al., 2006; Woo et al., 2009). However, 
these studies vary widely in their methodology, including the mode of exercise (such as 
resistance training, aerobic training; Ludyga et al., 2018; Pontifex et al., 2009), duration (e.g., 
exercising for 20 min, 30 min, 15 min; Pontifex et al., 2009; Sibley et al., 2006) and exercise 
intensity (e.g., moderate intensity, high intensity; Bae & Masaki, 2019; Ludyga et al., 2018; 
Wohlwend et al., 2017). Studies also vary on the measures used to indicate intensity, such as 
maximal oxygen uptake (VO2max), which is the maximum rate of oxygen consumption during 
intense exercise, versus percentage heart rate maximum (% HRMax), which is the percentage 
of maximum heart rate achieved during intense exercise. These differences make it 
challenging to compare studies to determine which exercise intervention is more effective. 
 There is some evidence that one exercise protocol may benefit over the other, one 
such example is by Pontifex et al. (2009) who investigated the effects of different modes of 
exercise (resistance training vs. aerobic exercise) on cognitive performance. Participants 
attended four sessions in a randomized order: baseline testing, 30 min of aerobic exercise 
(running on a treadmill at a moderate intensity of 60-70% of VO2max), 30 min of resistance 
exercise (three sets of 8-12 repetitions) and a seated rest of 30 min. Participants completed a 
modified Sternberg task measuring working memory immediately after, and 30 min after 
each condition. Faster reaction times – an indication of improved performance – were found 
after an acute bout of aerobic exercise compared to resistance training and seated rest, both 
when tested immediately and after 30 min. There was no difference in performance between 
resistance training and seated rest. Pontifex et al. (2009) concluded that aerobic exercise has 
greater cognitive benefits than resistance training, and suggested that this could be due to 
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differences in cerebral blood flow between the two types of exercise. Guiney et al. (2015) 
also showed that regular engagement in aerobic exercise causes increases in cerebral blood 
flow and found that performance on an inhibitory task was better for individuals who 
participated in regular exercise.  
Moderate Intensity Exercise and Cognition 
Although a large body of research has investigated the effect of aerobic exercise on 
cognitive performance, the majority of the literature is based on moderate intensity 
continuous exercise interventions (Akatsuka et al., 2015; Bae & Masaki, 2019; Ludyga et al., 
2018; Sibley et al., 2006; Tsai et al., 2016). For example, Ludyga et al. (2018) conducted a 
study to determine whether moderate intensity exercise benefited cognitive performance. 
They recruited participants who either reported high intensity activity for at least 3 days in a 
week, or moderate intensity exercise for 7 days in a week. Participants attended two sessions, 
a control session during which they completed a 20 min reading task, and a 20 min exercise 
session, which included a 3 min warm up, 15 min of running at moderate intensity 
(determined using a heart rate monitor), and a 2 min cool down. Cognitive testing was then 
completed post-session using a modified Eriksen flanker task consisting of congruent and 
incongruent trials to assess inhibitory control. Cognitive performance significantly improved 
following exercise compared to control, as indicated by faster reaction times on both 
congruent and incongruent trials. Additionally, accuracy rate for the incongruent trials was 
higher during the exercise session compared to the control session. However, a limitation of 
the study was that participants were not randomly recruited and their results may not 
generalise to a sedentary population. The study would have benefited from randomly 
recruited participants to determine if the effects of acute exercise also apply to individuals 
who do not frequently engage in physical activity.  
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Sibley et al. (2006) also investigated the effects of acute moderate intensity aerobic 
exercise on inhibitory control using the colour word interference component of the Stroop 
test. Participants attended two sessions, control (20 min rest) and exercise (20 min on a 
treadmill at moderate intensity) and then completed the Stroop test immediately post-session. 
Similar to Ludyga et al. (2018), Sibley et al. (2006) found that, compared to the control 
session, cognitive performance following exercise significantly improved as measured by 
faster reaction times.  
There is evidence that exercise induces physiological and psychological changes, and 
these changes could be the underlying mechanisms that drive exercise-related improvements 
in cognition. One such line of evidence has been  provided using electroencephalography 
(EEG) to show how acute exercise can affect the functional activity of the brain (Basso & 
Suzuki, 2017). EEG is used to measure changes in electrical activity in the brain, specifically 
the summation of the synchronous activity of a large population of neurons. Event Related 
Potentials (ERPs) are measured using EEG and refer to the averaged EEG responses, which 
are time-locked to a specific event and allows researchers to investigate the brain’s responses 
to a certain event (e.g., inhibiting a response). A specific ERP component that has been 
studied extensively is the P300 wave, due to its strong association with the psychological and 
physiological correlates of decision making processes including attention, inhibitory control, 
switching ability and working memory (Sur & Sinha, 2009). P300 is elicited in EEG 
recordings as a positive deflection in amplitude with a latency between 250 and 500ms; larger 
amplitudes and shorter latencies signify superior cognitive performance (Basso & Suzuki, 
2017). While the origin of P300 is unknown, evidence suggests it is due to the synchronised 
firing of excitatory neurons in the cortex, therefore the cognitive improvement after acute 
exercise could be due to the enhancement of synchronised firing from cortical neurons (Basso 
& Suzuki, 2017). Hillman et al. (2003) tested participants on the Eriksen flanker task while 
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recording their ERPs. The cognitive task was preceded by either no exercise (control) or 30 
min of self-paced treadmill exercise at moderate intensity with an average HRMax of 83.5%. 
The Eriksen flanker task consisted of two conditions: neutral and incompatible (which 
requires more cognitive resources). Hillman et al. (2003) found that there was an increase in 
P300 amplitude and shorter P300 latency after acute exercise compared to the control 
condition. However, this reduction in P300 latency was only observed for the incompatible 
condition compared to the neutral condition in the exercise session. These findings suggest 
that when the post-exercise task is more challenging and requires an increased allocation of 
cognitive resources, there is also an increase in the synchronised firing of neurons in the brain 
(Basso & Suzuki, 2017). 
In addition to examining inhibitory control, a few studies have also investigated the 
effect of acute exercise on cognitive flexibility, although the number of studies on this topic 
are limited. Bae and Masaki (2019) conducted a study in which participants completed a task 
switching paradigm following a rest or exercise session. Participants attended two sessions, 
one in which they had a seated rest of 30 min and read a newspaper, and in the other 
condition they ran for 30 min on a treadmill at 70% of HRMax (moderate intensity) prior to 
cognitive testing. The task switching paradigm consisted of two separate tasks. One task 
involved deciding whether a target digit was odd or even, and the other involved deciding 
whether a target digit was greater or smaller than five. The non-switch trials required the 
participant to respond following only one rule, whereas the switch trials required switching 
between both tasks according to the cue stimulus presented before each trial. Brain activity 
was recorded during cognitive testing using EEG. Bae and Masaki (2019) found that reaction 
times were faster in the exercise condition compared to the control condition. They also 
investigated whether there was an interaction between exercise, task difficulty and brain 
response. They found that P300 latency was shorter on switch trials than non-switch trials, 
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and it was also shorter during exercise condition compared to the rest condition. Therefore, it 
could be argued that the beneficial effects of exercise emerge when completing cognitively 
challenging tasks that include higher demand conditions which use more working memory 
resources. Similar results were also found by Tsai et al. (2016).  
Although many studies have demonstrated the benefits of exercise on cognition, other 
studies did not observe these effects. For example, Akatsuka et al. (2015) conducted a study 
to determine whether moderate exercise had an effect on inhibitory control. Participants 
performed a go/no-go task while their ERPs were recorded, which was preceded by either 20 
min rest (control), or an exercise session during which they completed 15 min of treadmill 
running at a moderate intensity of 50% of VO2max and a rest of 5 min. There was no 
significant difference in go/no-go performance pre and post exercise, although they did find 
an increase in amplitude for no-go-N140 ERP, which is an indicator of inhibitory 
functioning. However, one thing to note is that Akatsuka et al. (2015) only tested 10 males, 
therefore it is possible that they simply did not have enough power to observe significant 
effect of exercise on go/no-go performance. Tomporowski and Ellis (1986) also reported in 
their review that the multiple studies which did not find any improvements in cognitive 
performance after exercise boil down to the long duration of the exercise interventions 
leading to physical fatigue. 
Exercise Intensity and Cognition 
One important aspect of exercise that had received limited attention in research is 
whether improvements in cognitive performance vary depending on exercise intensity, as 
there is some evidence that higher intensity exercise results in greater cognitive benefits. For 
example, in Wohlwend et al. (2017) participants attended three sessions, each one week 
apart, and in each session they completed either low, moderate or high intensity exercise 
followed by a test measuring cognitive control. The low intensity session involved running 
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for 22 min on a treadmill at approximately 63% HRMax, moderate intensity involved 16 min 
running on a treadmill at 75% HRMax, and high intensity exercise included four intervals of 4 
min running at approximately 91% HRMax with 3 min recovery in between each interval. 
Wohlwend et al. (2017) found a linear relationship between exercise intensity and cognitive 
performance. As exercise intensity increased, the reaction time for the cognitive test 
decreased significantly, without any reduction in accuracy. This signifies that exercise 
intensity may be related to processes that facilitate neuronal efficiency. According to 
Angevaren et al. (2007), high intensity exercise provides a boost to the cardiovascular system 
which results in increased blood flow and oxygen supply to the brain, and there is a 
significant correlation between cognitive performance and oxygen supply (Williams et al., 
2019). Moreover, high intensity exercise has been found to be of particular benefit in cases of 
cognitive decline, since one contributing factor is known to be the result of decreased oxygen 
supply to the brain (Angevaren et al., 2007).  
Further evidence that high intensity exercise results in better performance compared 
to moderate intensity exercise is a study by Tsukamoto et al. (2016). They tested participants 
on a Stroop test before and after completing two different exercise protocols. Participants 
completed a cycle ergometer exercise in two sessions, one at moderate intensity and the other 
at high intensity. In the moderate intensity training protocol, participants cycled for 40 min at 
60% of peak VO2 whereas in the high intensity protocol they completed four sets of 4 min 
bouts at 90% of peak VO2. After a delay of 10 min post exercise, greater improvements were 
seen in participants’ performance after completing high intensity compared to moderate 
intensity exercise, as reaction times were faster following high intensity exercise without 
accuracy rates being compromised (Tsukamoto et al., 2016). One thing to note here is that 
Wohlwend et al. (2017) and Tsukamoto et al. (2016) studies did not only differ in intensity 
during their exercise sessions but also in duration. Thus, although the effects of high intensity 
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exercise on cognitive performance appear to be greater than that of moderate intensity 
exercise, because they did not control for duration interpretation of the results is not clear.  
As mentioned previously, research indicates that there are underlying physiological 
and psychological changes that are likely responsible for improved performance after 
exercise. In addition, functional near-infrared spectroscopy (fNIRS) has also provided insight 
into the underlying mechanism driving the relationship between exercise intensity and 
cognitive improvement. fNIRS has been proven effective in assessing the oxygenation 
changes in response to cortical activity by measuring the Oxy-Hb (oxygen-haemoglobin) 
haemodynamic changes. For example, Kujach et al. (2018) recorded participants’ cortical 
activity while they performed the Stroop test to investigate the relationship between exercise 
intensity and oxygenation changes.  Participants attended two sessions, one consisted of 10 
min seated rest (control) and the second (exercise) consisted of a warm up and eight intervals 
of 30 s high intensity cycling with 30 s recovery in between. Participants completed the 
Stroop task 15 min post exercise while their cortical activity was recorded via fNIRS. Kujach 
et al. (2018) found that performance on the Stroop interference task was significantly faster in 
the exercise condition than the control condition. They also found that the Oxy-Hb 
hemodynamic changes in relation to engagement in the Stroop interference task were 
significantly greater in the exercise condition compared to the control condition. Therefore, 
there is evidence to suggest that acute high intensity exercise causes an increase in the supply 
of oxygenated blood to the area of the brain that is involved in the task (the prefrontal cortex), 
resulting in improved cognitive performance. 
In addition to Oxy-Hb hemodynamic changes, brain-derived neurotrophic factor 
(BDNF) is another potential biological moderator of exercise-related improvements in 
cognitive performance – specifically increases in BDNF following exercise. BDNF is a 
protein that encourages the growth and differentiation of new neurons associated with 
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complex learning (Cowansage et al., 2010; Hwang et al., 2016). Hwang et al. (2016) reported 
that short bouts of high intensity exercise show a positive relationship between BDNF and 
cognitive enhancement in healthy young adults. Specifically, compared to a control group, 
there were increases in BDNF as well as improvement in cognitive performance post 
exercise. Participants in the exercise group completed a high intensity treadmill running 
protocol of 20 min (including a warm up and a cool down) in which they were required to run 
at an intensity corresponding to a target heart rate at 85-90% of VO2max level. In the control 
group, participants completed a seated rest of 20 min. Participants in both groups completed 
cognitive testing pre and post 10 min delay after the intervention (seated rest and exercise). 
Cognitive testing comprised of a Stroop test as a measure of inhibitory control, and the Trail 
Making test as a measure of their switching ability. To measure BDNF levels, blood samples 
were taken at baseline for both the exercise and control group, and immediately after 
intervention only in the exercise group. Compared to the control group, there was significant 
amount of improvement in inhibitory control and task switching post intervention in the 
exercise group, as shown by improved response accuracy in the Stroop test, and a reduction 
in the time it took to complete the Trail Making test (Hwang et al., 2016). There was also an 
increase in BDNF following exercise. Together, these results indicate that a single bout of 
high intensity exercise can facilitate focus and better execution of a complex task, and 
suggest that BDNF is an underlying mechanism for exercise-related cognitive enhancement.  
A study by Ferris et al. (2007) evaluated both moderate and high intensity exercise 
and its potential relationship to BDNF levels. In two separate sessions, participants completed 
30 min bouts of high or moderate intensity exercise. They also completed a Stroop test both 
pre- and post-exercise. The Stroop test consisted of the word test (read out the colour names 
printed in black quickly), the colour test (state the colour of a sequence of random letters), 
and the colour-word test (state the colour of the font of the words presented but do not read 
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out the words, which are colour names that are incompatible with the font colour). All tests 
were completed during both sessions. Ferris et al. (2007) found no difference between pre- 
and post-performance on the word and colour tests for both the moderate and high intensity 
sessions. In contrast, on the colour-word test there were significant differences between pre- 
and post-exercise test performance during the high intensity session, with no difference 
during the moderate intensity session. For example, the reaction times were faster during the 
post-exercise test for the high intensity session. Stroop performance also correlated with 
BDNF levels, as they were significantly higher following high intensity exercise, with no 
significant difference in BDNF levels during the moderate exercise intensity session (Ferris et 
al., 2007). This study therefore shows that BDNF levels are intensity dependent, providing a 
possible explanation for greater improvements in cognitive performance after high intensity 
exercise compared to moderate intensity exercise. 
 Another study that found similar results was conducted by Mehren et al. (2019), who 
also investigated the effects of exercise intensity on cognitive performance in healthy young 
adults. Participants completed two 30 min exercise sessions (cycle ergometer) on two 
separate days, one at high intensity and one at moderate intensity; they also completed a 
control session in which they sat and watched a movie for 30 min. Moderate intensity 
exercise consisted of 30 min of continuous cycling on an ergometer at 50-70% of HRMax, and 
high intensity consisted of a 5 min warm up followed by short bursts of high intensity cycling 
with varied recovery periods for 21 min and a cool down. Participants completed the Eriksen 
flanker task immediately following exercise. Performance on the flanker task was faster on 
both congruent and incongruent trials following high intensity exercise compared to control 
and moderate intensity exercise. These findings suggest that although high intensity exercise 
benefits overall cognitive performance, it is more beneficial for performance on a difficult 
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cognitive test than moderate intensity exercise. Similar results were also shown by Kao et al. 
(2017) and Kao et al. (2018). 
Dose-Response Relationship between Exercise Duration and Cognition 
The benefits of exercise on cognition have also shown a dose-response relationship, in 
terms of exercise duration as it appears that too little exercise produces small to null effects, 
and too much exercise can actually have a negative effect (Chang et al., 2015). Therefore, to 
develop an effective intervention, the dose-response relationship between exercise and 
cognitive performance needs to be studied further. There are a number of studies that have 
investigated the effect of different exercise intensities on cognitive performance separately 
such as the effect of high intensity or moderate intensity on cognitive performance (Alves et 
al., 2014; Ferris et al., 2007; Mehren et al., 2019). Additionally, there are studies that have 
investigated the dose-response relation between intensity and cognitive performance by 
comparing different exercise intensities (Kao et al., 2018; Kao et al., 2017; Mehren et al., 
2019). However, there is very limited research that has investigated the dose-response 
relationship between duration and cognitive performance while exercising at high intensity. 
One such study is by Chang et al. (2015) in which they investigated whether there is a 
relationship between exercise duration and cognitive performance while keeping exercise 
intensity consistent. Participants attended four sessions, involving one control session and 
three exercise sessions, with at least three days in between each session. Exercise sessions 
involved performing a steady state of continuous cycling at moderate intensity (65% of 
HRReserve) for 10 min, 20 min or 45 min. The control session consisted of the participant 
reading a book for 30 min. All participants completed the Stroop test after exercise or seated 
rest. There was a significant effect of exercise duration; performance was better after the 20 
min exercise session compared to the 10 min, 45 min, and control sessions. Participants 
showed significantly faster response times and higher accuracy after the 20 min session 
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compared to the other sessions (Chang et al., 2015). There was no significant difference in 
performance between the 10 min, 45 min and control session. This study, therefore, suggests 
a curvilinear relationship between exercise duration and cognitive performance (Chang et al., 
2015), showing improvement in cognitive performance when exercise is of moderate 
duration, and that improvements in cognitive performance can vary depending on exercise 
duration.  
Few studies have explored the dose-response relationship between high intensity 
exercise duration and cognitive performance. Recently, Miller et al. (2019) investigated the 
effects of exercise duration at high intensity on cognitive performance. Participants attended 
two sessions, each seven days apart during which they completed a session of either short 
duration exercise or moderate duration exercise on a cycle ergometer, both at high intensity. 
They also completed a Stroop colour-word test pre and post exercise. During the short 
duration session, participants completed five × 1 min intervals whereas during the moderate 
duration session, they completed ten × 1 min intervals with a 1 min recovery interval between 
each interval. There was significant improvement in the incongruent condition reaction time 
post both exercise conditions, but performance was much better following moderate duration 
compared to short duration exercise (Miller et al., 2019). Therefore, this study also provides 
evidence in addition to Chang et al. (2015) that exercising at a moderate duration in contrast 
to short duration is beneficial for cognitive performance.   
Exercise and Mood States 
In addition to the benefits of exercise on cognitive function, research has shown that 
exercise has an impact on mood states. A study by Moses et al. (1989) investigated the effect 
of exercise on psychological well-being in young adults. The participants were assigned to 
four different conditions: moderate intensity aerobic training, high intensity aerobic training, 
exercise-placebo (not increasing heart rate above 50% of HRMax), and rest. Training was 
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conducted for 10 weeks with one supervised session and three unsupervised sessions each 
week. Mood states were evaluated using the Profile of Mood State (POMS) pre- and post-10 
weeks. Moses et al. (1989) reported a reduction in tension/anxiety ratings post moderate 
exercise training, with no other significant differences in mood states before and after the 
exercise intervention. A critical limitation of this study is that the majority of the exercise 
sessions were unsupervised and they were unable to confirm that participants actually 
adhered to the exercise protocol. Moreover, one possible reason for not finding any 
significant results for the high intensity intervention could be that participants who do not 
participate in regular physical exercise may have found it more challenging and therefore 
might have not felt good while completing it. Therefore, the conclusion that only moderate 
exercise is beneficial to mental well-being should be considered with caution.  
A study by Hoffman and Hoffman (2008) showed very similar results to Moses et al. 
(1989), but a key difference was that Hoffman and Hoffman (2008) tested participants after a 
single session of moderate intensity exercise. They tested three different groups of 
participants: non-exercisers, moderate exercisers, and ultramarathon runners. Participants 
completed the POMS before and after a 30 min session of moderate intensity exercise on a 
treadmill. In contrast to Moses et al. (1989), there was a decrease in total mood disturbance 
for all three groups. Total mood disturbance was a combination of tension, depression, anger, 
fatigue and confusion. Therefore, it could be concluded that a single session of exercise is 
also effective in reducing negative mood states, although this study only looked at negative 
mood states (such as depression, anger, etc.) and not positive mood states (such as calm, 
happy, etc.).  
Hogan et al. (2013) conducted a study in which participants completed a modified 
version of the emotion sampler. Participants were shown 13 emotion words that were either 
positive (e.g., happy, relaxed, calm) or negative (e.g., angry, anxious, sad) and had to indicate 
EXERCISE DURATION AND COGNITION AND MOOD  15 
how they were feeling by selecting a number from 1 (Very little or Not at all) to 5 
(Extremely). Participants were randomly divided into two groups and completed the mood 
assessment either during the control session (no exercise) or in the exercise session, post 15 
min of moderate intensity cycling using a cycle ergometer. Compared to the control group, 
participants in the exercise group reported feeling more excited, energetic, and enthusiastic. 
There was also a decrease in negative affective states following exercise (Hogan et al., 2013). 
Likewise, in a study by Guérin et al. (2013), participants reported increases in positive mood 
states following a high intensity workout. However, Guérin et al. (2013) only used a 
subjective measure of exercise intensity (rating of perceived exertion), which means that their 
‘high intensity’ exercise may not objectively be as intense as other studies. In contrast, Cox et 
al. (2006) objectively measured exercise intensity using a heart rate monitor. They recruited 
female participants who attended three sessions and carried out either moderate intensity 
exercise; high intensity exercise; or control (no exercise) on a treadmill each one week apart. 
They found that high intensity exercise influenced positive wellbeing more than moderate 
intensity as scored by the Subjective Exercise Experiences Scale. A potential issue in this 
area of research is that there does not appear to be a standardized measure of mood, which 
makes it challenging to compare the results from one study to another as the results from one 
measure may not be consistent with another measure.  
Similar to the link between exercise duration and cognitive function, Woo et al. 
(2009) demonstrated that there is also a significant relationship between the duration of 
exercise and mood states. In their study, participants attended three exercise sessions which 
varied in the duration of moderate intensity exercise (15 min, 30 min, 45 min) on a treadmill, 
and one session with no exercise (control). During each session participants also completed 
the POMS questionnaire. Participants only reported an increase in vigour 30 min post 
exercise – there were no other mood benefits (Woo et al., 2009). Another study was 
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conducted by Hansen et al. (2001) in which participants completed the POMS inventory 
across four different sessions: a quiet resting session, or 10, 20, or 30 min moderate intensity 
exercise on a cycle ergometer. When compared to the resting session, there was a significant 
increase in vigour, as well as a decrease in fatigue and total negative mood in the 10 min 
exercise condition, and this improvement was consistent across 20 min and 30 min condition 
with no significant improvement. Taken together, these findings indicate that a change in 
mood state can be determined after only 10 min of exercise, but this is for moderate intensity 
exercise only.  
There is limited research that has investigated the relationship between high intensity 
interval training and mood states – the majority of studies to date have been more focused on 
continuous exercise protocols in healthy young adults (Stork et al., 2017). 
Current Study 
 The studies discussed so far have all used specialised equipment such as a treadmill or 
an ergometer cycle, which is not readily accessible to the wider community. This is 
concerning considering that a recent survey revealed that a large proportion of the New 
Zealand population wants to increase their participation in physical activity, but also that they 
face a lot of barriers toward doing so (Sport New Zealand, 2019). Many respondents reported 
that they were too busy to do exercise, that it is too hard for them to get to the gym for 
training, that they cannot afford the expensive equipment (e.g., treadmill, cycling ergometer) 
or a gym membership, or that they do not have places nearby where they can exercise (e.g., 
no gym nearby; Sport New Zealand, 2019). High intensity interval training that does not 
involve specialised equipment could therefore be used as a brief alternative to long, 
continuous exercise involving specialised equipment. Studies have also reported that the 
ratings of perceived enjoyment after undertaking high intensity interval training were greater 
compared to moderate intensity continuous training which, therefore, increases the 
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probability of adherence to exercise (Bartlett et al., 2011; Martinez et al., 2015). Moreover, to 
make the exercise more affordable and accessible, a more naturalistic exercise could be used. 
One example of this is stair climbing training. Findings from two recent studies show that this 
type of exercise also has health benefits as it improves cardiorespiratory fitness (Allison et 
al., 2017), as well as cognitive function and mood (Stenling et al., 2019). In Stenling et al. 
(2019), participants attended two sessions, one control (seated rest) one exercise session 
during which they completed three × 1 min high intensity stair climbing interval with 1 min 
recovery period in between. This was followed by cognitive tests that separately measured 
inhibitory control and task ability. Although there was no effect of exercise on inhibitory 
control, performance was better on the switching task in the exercise session compared to the 
control session, but this was only limited to male participants. Stenling et al. (2019) also 
asked participants to complete a visual analogue mood scale during both visits and they found 
that, compared to the control session, participants felt more energetic and happy and less sad 
post stair climbing. 
 The purpose of the current study was to further investigate the effects of high intensity 
interval stair climbing on cognitive performance and mood states in healthy young adults. 
More specifically, primarily we aimed to determine the dose-response relationship between 
different stair climbing durations and cognitive performance measuring basic visuomotor 
function, inhibitory control and switching ability. We also aimed to determine the dose-
response relationship between stair climbing duration and mood states. We used a modified 
version of Stenling et al.’s (2019) exercise protocol to test participants on different durations 
of exercise to examine if duration was an important factor in determining cognitive and mood 
benefits. We used three cognitive tasks: Pro (measuring basic visuomotor function), Anti 
(measuring inhibitory control) and, Pro/Anti (measuring switching ability). Past studies have 
shown that they vary in difficulty based on reaction times, with the difficulty increasing from 
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Pro to Anti and then Pro/Anti (Brett & Machado, 2017; Stenling et al., 2019). The current 
study utilised two different exercise sessions: one session with three × 1 min stair climbing 
intervals with a 45 s rest in between each interval (3 stair climb session), and one session with 
six × 1 min stair climbing intervals with a 45 s rest in between each interval (6 stair climb 
session). The control session was similar to the exercise sessions but with no stair climbing. 
Our primary hypothesis for cognitive performance was that it would be better during both 
exercise sessions compared to control, especially during the 6 stair climb session compared to 
the 3 stair climb exercise session (due to higher dose). This should be particularly true for the 
most challenging tasks, as the literature indicates that more challenging tasks tend to benefit 
more than less challenging tasks after exercise (Ferris et al., 2007; Hillman et al., 2003). For 
mood states, we hypothesised that participants would report an increase in positive mood 
states and a decrease in negative mood states, during the exercise sessions with a similar 
dose-response pattern (benefits increasing with dose). 
Method 
 The University of Otago Human Ethics Committee (18/012) approved the study prior 
to its commencement. All participants read an information sheet regarding what was required 
of them before they provided written informed consent. Data collection began in April 2020 
and ended in September 2020. 
Participants 
 Thirty-six healthy young adults aged 18 – 27 years (females = 30, right handed = 31, BMI = 
24.68 ± 4.9 kg/m2, mean age = 19.72 ± 2.20 years, mean years of education = 14.17 ± 1.32 
years) completed the experiment. Participants were recruited from the University of Otago 
and were students enrolled in a first or second year Psychology course. The ethnicities 
reported by the participants were New Zealand European = 20, New Zealand European/Maori 
= 3, Chinese = 2, Filipino = 2, New Zealand European/Maori/Indonesian = 1, Maori/Niuean 
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= 1, Cook Island Maori/Tongan/Niuean = 1, Afghan = 1, Dutch = 1, Indian = 1, Korean = 1, 
South African = 1, Sri Lankan = 1. All participants reported having normal or corrected-to-
normal vision and no colour blindness, and not having, or being on any medication for, any 
neurological or psychological condition (e.g., anxiety, depression, concussion, migraine, 
epilepsy) within the past six months. For safety reasons, participants completed the Physical 
Activity Readiness Questionnaire (PAR-Q; see Appendix B) at the start of each session to 
confirm they were physically fit to complete the exercise component of the study. If 
participants answered “Yes” to any of the questions they were considered ineligible to 
participate and were not tested.  
Drop-outs and exclusions. Fifty-nine participants were assessed for eligibility as 
shown in Figure 1. Four participants were excluded because they were ineligible to 
participate in the study. Sixteen participants were excluded from the analyses because they 
did not attend and complete all three sessions due to the following reasons: six participants 
because of COVID-19 lockdown, four participants because they were not feeling well 
(Illness) in between their sessions, five participants did not reply to the reminder email and 
phone messages (No-show), and one participant cancelled after their first session. Three 
participants completed all three sessions but they were excluded from the analyses to have a 
counterbalanced design.   
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Figure 1  
Flow Diagram Displaying the Number of Participants Enrolled, Allocated to Each Session Order, Lost to Follow-up in Relation to Each Session, 
and Analysed 
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Experiment Overview  
 The experiment used a participant blinded randomised cross-over control design, with 
session (control, 3 stair climb, 6 stair climb) as a within subject factor. Participants attended 
three sessions, each one week apart. During the 3 and 6 stair climb interval sessions 
participants completed the respective exercise protocol followed by cognitive and mood  
testing, whereas in the control session cognitive testing was not preceded by exercise. Session 
order was randomised and counterbalanced in groups of six. During the first visit, 
participants read the information sheet and signed the consent form if they agreed to 
participate in the study.  
Materials and Apparatus  
 Rating of perceived exertion (RPE). Borg’s (1998) 15-grade RPE scale was used as 
a subjective measure of participants’ exertion (i.e., how intense they felt the exercise was; see 
Appendix C). The scale ranged from 6 (No exertion at all) to 20 (Maximum exertion) and 
during the stair climbing protocols participants were asked multiple times to report a number 
on the scale that correlated with how tired they felt. The reliability coefficient between heart 
rate (HR) and RPE when used to measure exercise intensity was r = 0.80 – 0.90 (Borg, 1998). 
Heart rate.  Heart rate (HR) was used as an objective measure of participants’ 
exertion to determine the level of intensity reached while exercising. Participants wore a 
Polar M430 wristwatch on their left wrist during all three sessions and were blinded to the 
HR recordings by covering the watch face with a piece of opaque tape. Information regarding 
height, weight, date of birth and sex was entered in the watch before placing it on the 
participant’s wrist so that the HR could be recorded accurately for each participant. 
Physical activity questionnaire. We used a short form of the New Zealand Physical 
Activity Questionnaire (NZPAQ-SF; McLean & Tobias, 2004; see Appendix D) to record 
participants’ level of physical activity (i.e., how active they were in the past seven days 
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before each session). A correlation of r = 0.36-0.41 between NZPAQ-SF and HR was 
reported by Moy et al. (2008). We assessed the following three aspects of physical activity: 
intensity, duration, and frequency. For intensity, participants reported the number of days 
they engaged in at least 10 min of (a) brisk walking, (b) moderate activity, (c) vigorous 
activity, and (d) a combination of all three in the past seven days. To ensure that participants 
understood what was meant by moderate and vigorous activity, they were given examples of 
each type of activity (e.g., playing social badminton is considered moderate intensity activity, 
whereas playing competitive badminton would be considered vigorous intensity activity). 
Participants also reported the duration (hours and minutes per day) of each activity. For the 
frequency dimension participants reported the number of days in the past seven days they had 
engaged in at least 30 min of moderate activity or 15 min of vigorous activity. Finally, 
participants used a visual analogue scale ranging from “Not at all” to “Extremely” to indicate 
how active they had been in the past seven days. This was completed at the end of each 
session.    
Cognitive affective battery. The cognitive affective battery was completed on a 
computer (Ubuntu 16.04 operating system, 600 × 340 mm monitor) and programmed using 
MATLAB R2016b (The Mathworks, Natrick, MA) and Psychtoolbox 3 (Brainard, 1997; 
Pelli, 1997). Participants were seated at a distance of 57 cm from the screen with their chin 
on a chin rest to avoid any differences between participants with respect to their height and 
distance from the screen. The battery took approximately 7 min to complete and consisted of 
Pro, Anti, Pro/Anti, and six visual analogue mood scales (VAMS), always presented in the 
same order. Participants completed the cognitive affective battery during all three sessions. 
The test-retest reliability for the cognitive tests, tested during three sessions each one week 
apart ranged from r = 0.42 - .80 with lower reliability for the Pro task and higher for Anti and 
Pro/Anti tasks (White et al., 2018). To ensure participants understood what was required for 
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each test, the experimenter gave them verbal and on screen written instructions, and 
participants completed several practice trials for all tests except the VAMS. Participants were 
asked to respond as quickly as they could for Pro, Anti, and Pro/Anti without compromising 
their accuracy by firmly pressing the index finger of each hand corresponding to the left or 
right button on a button box (DirectIN Rotary Controller, Empirisoft Corporation, NYC). 
Each button was a 2 × 2 cm square and the two buttons were spaced 2 cm apart. Participants 
were instructed to maintain focus on a white fixation dot (subtending 0.3º of visual angle) 
that appeared in the centre of the screen with a black background at the start of each trial and 
remained on screen for the duration of the test. There were two stimuli, a green and a red 
square (subtending 2º of visual angle), but only one of them would appear 8º (measured from 
the centre of the square) to the left or the right of the fixation dot after a random interval of 
400, 800, 1000, or 1200 ms. The position of the target stimulus (left/right) and stimulus onset 
asynchrony (SOA; 400/600/800/1000/1200 ms) were randomized and counterbalanced for 
the Pro, Anti and Pro/Anti tasks. While completing the Pro, Anti and Pro/Anti tasks, if a 
participant responded within 100 ms of the target appearing (anticipation error), if they did 
not respond within 1500 ms, or if they responded incorrectly, an error tone would sound for 
300 ms followed by a black screen for 500 ms before the next trial. Reaction time (RT) and 
accuracy (correct/incorrect) were recorded for each trial. 
Pro task.  A green square appeared either on the left or the right side of the white 
fixation dot. Participants were asked to respond by firmly pressing the button on the same 
side as the square as quickly as they could without compromising their accuracy (i.e., if the 
green square appeared on the left side then the correct response would be to press the left 
button as shown in Figure 2 – Pro trial example). Participants completed four practice trials 
followed by 40 test trials. 
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Anti task. A red square appeared either on the left or the right side of the white 
fixation dot. Participants were asked to respond by firmly pressing the button on the opposite 
side of the square as quickly as they could without compromising their accuracy (i.e., if the 
red square appeared on the right side then the correct response would be to press the left 
button as shown in Figure 2 – Anti trial example). Participants completed four practice trials 
followed by 40 test trials. 
Figure 2 Examples of a Pro and an Anti Trial With the Correct Keypress Response Overlaid 
  
Pro/Anti task. A red or a green square appeared on the left or right side of the white 
fixation dot; the colour of the stimulus (red/green) was randomised but equiprobable and 
counterbalanced with respect to SOA (400/600/800/1000/1200 ms) and position of target of 
stimulus (left/right). Participants were asked to respond by firmly pressing the button on the 
same side when the green square appeared and by pressing the opposite button when the red 
square appeared. Participants completed six practice trials followed by 40 test trials. 
VAMS. Participants reported on six different mood states: sad, energetic, tense, 
happy, tired, and calm, using the mouse to select a point on a 100 mm continuous scale which 
ranged from “Not at all” to “Extremely” and then selecting DONE (example display shown in 
Figure 3).   
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Figure 3  
Example Display of a Mood State Scale for the VAMS Task 
 
Procedure  
 Before recruiting the participants, a prepopulated log sheet was created in which the 
order of sessions (control, 3 stair climb, 6 stair climb) was randomised and counterbalanced 
in groups of six, done separately for males and females. When the participant arrived at the 
lab (room 409 in Williams James Building at University of Otago) they were allocated to the 
next available session order slot in the prepopulated log sheet. After reading the information 
sheet and signing the consent form, participants completed a general information form which 
asked them to report their full name, date of birth, years of education (primary, secondary, 
and tertiary), sex, dominant hand, whether they had normal or corrected-to-normal vision, 
and whether they were colour blind, this information was collected only during the first 
session. Participants were also asked to report only during the first session if they suffered 
from, or were taking medications for, any neurological or psychological disorder in the last 
six months. Before each session, participants also completed the PAR-Q (see Appendix B). 
After confirming they were fit to participate the experimenter measured the participant’s 
height and weight. Information regarding their height, weight, date of birth and sex was then 
entered into the HR monitor, and the monitor was secured to the participant’s left wrist. The 
participants were then left alone in the testing room for 5 min to record their baseline HR 
with the instructions “Please sit here and relax quietly”. The experimenter returned to the 
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testing room once the 5 min were over and informed the participant whether they would be 
undertaking the cognitive affective battery only (i.e., control session) or that they would be 
completing one of the stair climbing protocols first (i.e., 3 stair climb session or 6 stair climb 
session). 
 Control session. Once the participants were informed that they would only be 
completing the cognitive affective battery, they were left alone in the testing room for a 
further 2 min. The experimenter returned to the testing room at the end of the 2 min and 
proceeded to set up the cognitive affective battery on the testing computer. Testing started 
after approximately 10 min had passed from the beginning of baseline HR recording. 
Participants were given the verbal and onscreen instructions at the beginning of each test. The 
main lights were turned off and a small lamp placed outside of the participants’ visual field 
was turned on. Once the participants finished the cognitive affective battery, the experimenter 
turned on the main lights and instructed the participants to take off the HR monitor. 
Participants then completed a demographics questionnaire (if first session) in which they 
reported their ethnicity, iwi and also completed the NZPAQ-SF (see Appendix D). 
 Exercise sessions. During two of the three sessions, participants completed the stair 
climb protocol which varied in the number of stair climbing intervals (3 stair climb intervals 
vs. 6 stair climb intervals). After informing the participants that they would be undertaking a 
stair climbing protocol, the experimenter explained that the participant would be climbing up 
and down one flight of stairs (12 steps, each 17 cm in height) in 1 min intervals. This 
experiment used a modified version of Stenling et al.’s (2019) three × 1 min stair climbing 
protocol. In the 3 and 6 stair climb sessions, participants respectively completed three × 1 
min and six × 1 min stair climb intervals, with a 45 s recovery period between each stair 
climbing interval a 15 s shorter recovery period compared to Stenling et al. (2019). Before 
starting the stair climbing part of the experiment, participants read an information sheet that 
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explained how to rate their perceived exertion using the RPE scale. Participants were also 
shown a video that demonstrated how fast they were expected to go up and down the stairs, 
and were given the following instructions: “For the stair climbing please move vigorously. 
This means relatively intense but not all out… Maintain control and safety at all times”. 
Participants were then informed they would be completing a warm up, which consisted of 
climbing up two flights of stairs (24 steps, each 17 cm in height) and walking back and forth 
in a foyer for 2 min. At 1 min 15 s and 1 min and 45 s into the warm up participants were 
asked to rate their perceived exertion. When those 2 min ended, participants re-entered the 
stairwell and for the next 45 s they were again given the same instructions. Before starting the 
first stair climbing interval participants were again asked to rate their perceived exertion (pre 
stair climbing RPE). Before each stair climbing interval, the experimenter would count down 
from 5 to 0 and participants were to start stair climbing at 0 when they heard a beep. At the 
end of 1 min, they would hear the beep again and they would stop where they were, walk 
down the stairs, and walk back and forth across the landing at the bottom of the stairs. 
Participants also gave their RPE immediately after each stair climbing interval (post stair 
climbing RPE), and 15 s before the start of the next stair climbing interval. Therefore, 
participants rated their perceived exertion pre and post each stair climbing interval. The stair 
climbing and recovery periods were timed using an interval-training application (Interval 
Timer – HIIT workouts, Deltaworks Limited) on a smartphone (MotoroC, M2C63). The 
experimenter counted the number of stairs climbed within each 1 min interval, as well as the 
overall number of stairs climbed for all three or six intervals. After finishing all intervals, 
participants completed a cool down of 3 min during which they walked down two flights of 
stairs (12 steps, each 17 cm in height) and walked back and forth in the foyer at a self-
selected pace. On completion of those 3 min they returned back to the testing room, where 
participants were asked to have a seat and to wait for a couple of minutes. The experimenter 
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then started timing for 2 min. When the 2 min ended the experimenter came in to set up the 
computer with the cognitive affective battery. The participants started the cognitive and mood 
testing approximately 5 min after the end of cool down. Similar protocol was followed post 
the cool down as the control session which consisted of completing the cognitive and mood 
testing and some questionnaires.  
 Before participants’ second and third session, they were sent a reminder email and a 
phone message reminding them of their session the next day. When participants came in for 
their second or third session, the same protocol was followed according to the condition they 
got allocated during the first session except that their height was not measured and they did 
not complete a demographic questionnaire. Key components of the procedure are illustrated 
in Figure 4. 
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Figure 4  
A Step-by-Step Procedure of the Study 
 
 Note. S = session. S1 = first session. S2 = second session. S3 = third session
(S1) 
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Statistical Analyses  
We calculated participants’ mean self- reported frequency (days/week) and total 
(hours/week) physical activity for the 7 days prior to each of the three sessions. Total 
physical activity was calculated using the following formula: time spent walking 
(hours/week) + moderate activity (hours/week) + vigorous activity (hours/week). To 
determine whether physical activity habits differed in the 7 days preceding each session, we 
conducted repeated measures analysis of variance (RM-ANOVAs) for each of the two 
physical activity measures with session (control, 3 stair climb and 6 stair climb) as a within-
subjects factor.    
Mean and max HR was calculated for each of the three sessions (control, 3 stair climb 
and 6 stair climb) during baseline (Resting) and while completing the cognitive and mood 
tests (Testing). A series of RM-ANOVAs were conducted to determine whether there was a 
difference in the baseline (Resting) and cognitive and mood testing (Testing) mean and max 
HR between the sessions (control, 3 stair climb, 6 stair climb). We calculated mean RPE 
ratings (pre and post each stair climbing interval) as a subjective measure of intensity. 
Objective measures of exercise intensity were evaluated by the means from the following HR 
measures: mean HR, max HR, %HRMax, and %HRReserve. We used %HRMax and %HRReserve 
measures to determine what intensity participants achieved while they were completing the 
stair climbing during the exercise sessions. We calculated %HRMax and %HRReserve using the 
following formulae: %HRMax = mean HR/HRMax × 100, where HRMax = 220 – age; 
%HRReserve = (mean HR – HRMin)/HRReserve × 100, where HRMin was taken as mean resting 
HR, and HRReserve = HRMax – HRMin (Karvonen & Vuorimaa, 1988). To confirm that stair 
climbing had an effect on %HRMax and %HRReserve, a series of RM-ANOVAs were conducted 
with interval as a within-subjects factor, done separately for the 3 and 6 stair climb sessions. 
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Differences between individual intervals were further examined with planned follow-up 
comparisons using Bonferroni corrected paired samples t tests.  
 For the cognitive tests, we calculated median reaction time (RT) in milliseconds (ms) 
for correct responses only and accuracy (percent correct responses), done separately for Pro, 
Anti, and Pro/Anti tasks. Median RT was calculated instead of mean RT to avoid potential 
outliers. Accuracy was not factored in to the analysis plan because it was expected to show 
ceiling effects (White et al., 2018). We conducted a two-way RM-ANOVA with session 
(control, 3 stair climb and 6 stair climb) and cognitive test (Pro, Anti, Pro/Anti) as within-
subjects factors to determine whether stair climbing affected cognitive test performance. We 
also conducted a series of one-way RM-ANOVAs with session (control, 3 stair climb, 6 stair 
climb) as a within-subjects factor, done separately for each cognitive test (Pro, Anti, 
Pro/Anti). A priori analyses using G*Power (Faul et al., 2007) revealed that the current 
sample size provided > 80% power to detect main effects of ƞp
2 > 0.06, which could be 
expected based on past studies utilizing similar exercise interventions and cognitive tests, but 
we did not have enough power to detect an interaction between session and cognitive tests 
(Chang & Etnier, 2009; Stenling et al., 2019).  
Finally, for the mood data, we conducted a series of RM-ANOVAs for each mood 
state (sad, tense, happy, tired, energetic, and calm) with session (control, 3 stair climb 
intervals, 6 stair climb intervals) as the within-subjects factor, to determine whether stair 
climbing affected the mood states. For all of the analyses, we used the Greenhouse-Geisser 
correction when data violated the assumption of sphericity. When data violated the 
assumption of normality we transformed the data using log or square root transformation; if 
both transformations were ineffective, we used the equivalent non-parametric test to confirm 
the results of the parametric tests conducted on the raw data. The alpha level was set to .05. 
Partial eta squared (ηp
2) was used to report the effect sizes for RM-ANOVAs, Hedges gav or 
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Pearson’s correlation (r) was used to report effect sizes for pairwise comparisons. According 
to Cohen (1988) the values of 0.01, 0.06, 0.14 for ηp
2, 0.20, 0.50, 0.80 for gav and 0.1, 0.3, 
>0.5 for r respectively signify small, medium, large effect sizes. All analyses were carried out 
using the IBM Statistical Package for the Social Sciences (SPSS) version 25. 
Results 
Physical Activity 
Mean self- reported frequency (days/week) and total (hours/week) physical activity 
for the 7 days prior to each session is shown in Table 1. The physical activity data did not 
satisfy the assumption of normality. Square root transformation normalised the data for total 
physical activity (hours/week). Both log and square root transformation failed to normalise 
the frequency data (days/week), so we conducted a non-parametric test to confirm the results 
of the parametric test. The results of the RM-ANOVAs with session (control, 3 stair climb 
and 6 stair climb) as a within subjects factor confirmed that there was no statistically 
significant difference in physical activity habits preceding the three sessions (see Table 1). 
Friedman’s test confirmed the results for the frequency data (see Table 1). 
Heart Rate  
Table 1 shows the calculated mean and max HR during baseline (Resting) and while 
completing the cognitive and mood tests (Testing) for each of the three sessions. The results 
of the RM-ANOVA with session (control, 3 stair climb and 6 stair climb) as a within subject 
factor confirmed that there was no statistical difference between the sessions for the mean 
and max baseline (Resting) HR, however there was a large significant difference between the 
sessions for the testing mean and max HR, reflecting elevated HR following stair climbing 
(see Table 1). Follow-up comparisons using Bonferroni corrected paired samples t tests 
(control vs 3 stair climb, 3 stair climb vs 6 stair climb, control vs 6 stair climb) showed that 
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mean and max testing HR differed significantly for all comparisons (p ≤ .004, gav ≥ 0.37). 
Mean and max HR was highest during the 6 stair climb session, followed by 3 stair climb 
session and then lowest during the control session (see Table 1). 
Table 2 summarises the means for each stair climbing interval, shown separately for 
the 3 and 6 stair climb sessions for the following: HR, max HR, %HRMax, %HRReserve, RPE 
ratings pre and post the stair climbing intervals, the number of stairs climbed in each interval 
and overall number of stairs climbed. The results of the RM-ANOVAs with interval as a 
within-subjects factor for the 3 and 6 stair climb sessions to investigate the effect of stair 
climbing on %HRMax and %HRReserve showed that for 3 stair climb, there was a large 
significant main effect of interval on %HRMax, F(1.37, 47.95) = 36.304, p < .001, ηp
2 = 0.51 
and %HRReserve, F(1.393, 48.765) = 34.414 p < .001, ηp
2 = 0.50. For the 6 stair climb there 
was also a large significant main effect of interval on %HRMax, F (2.063, 72.191) = 57.825, p 
< .001, ηp
2 = 0.62 and %HRReserve, F (2.055, 71.912) = 56.169 p < .001, ηp
2 = 0.62. Planned 
follow-up comparisons using Bonferroni corrected paired samples t tests revealed that for 
both the 3 and 6 stair climb conditions there was a statistically significant increase in both 
%HRMax and %HRReserve with each successive stair climbing interval (see Tables 3 and 4, 
respectively). Both %HRMax and %HRReserve data violated the assumption of normality and 
after the transformations failed to normalise the data, we conducted Friedman test to confirm 
the main effects of interval on %HRMax and %HRReserve, the results were consistent with the 
parameteric tests, as for the 3 stair climb the effect of interval on %HRMax, X
2(2) = 26.476, p 
< .001 and on %HRReserve X
2(2) = 26.476, p < .001. For the 6 stair climb the effect of interval 
on %HRMax, X
2(5) = 122.175, p < .001 and on %HRReserve X
2(2) = 122.175, p < .001. We also 
conducted Wilcoxon signed-rank tests to confirm the results of the paired samples t tests (see 
Table A1 and A2 respectively), yielding results consistent with the parametric tests.  
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Cognitive Performance 
Table 5 summarises median RTs for correct responses and accuracy (percent correct 
responses) separately for Pro, Anti and Pro/Anti tasks during the three sessions (control, 3 
and 6 stair climb). Figure 5 shows the difference in RT for the Pro, Anti and Pro/Anti task 
relative to the control session for the 3 and 6 stair climb session.  
Figure 5  
Mean Reaction Time Difference (ms) from Control for Pro, Anti and Pro/Anti Task during 
the 3 and 6 Stair Climb Session in 36 Healthy Young Adults. 
 
Note. Error bars represent the 95% confidence intervals. Mean reaction time difference was 
calculated by subtracting the respective 3 and 6 stair climb session reaction time from control 
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As expected, accuracy was high, ranging from 96.18-99.65%, indicating ceiling 
effects. The RT data violated the assumption of normality and after the transformations failed 
to normalise the data, equivalent non-parametric tests were conducted following parametric 
tests. The results of the RM-ANOVA with session (control, 3 stair climb and 6 stair climb) 
and cognitive test (Pro, Anti, Pro/Anti) as within-subjects factors showed a large significant 
main effect of cognitive test (see Table 6). Planned contrasts confirmed that RT significantly 
increased as the task became more challenging: Pro (M = 294, SD = 38), Anti (M = 337, SD = 
43), Pro/Anti (M = 486, SD = 93). Of particular relevance here, there was also a  significant 
main effect of session, (see Table 6). As can be seen in Figure 5, overall cognitive 
performance tended to be better during the 6 stair climb session (M = 366, SD = 55), followed 
by 3 stair climb (M = 372, SD = 56) and then control (M = 380, SD = 93). Planned 
comparisons using Holm-Bonferroni correction showed that the difference between control 
session and 6 stair climb was significant (p = .010, r  = - 0.26). However, the difference 
between control and 3 stair climb, and 3 stair climb and 6 stair climb was not significant (p > 
.099, r <  - 0.16) 
In consideration of differential benefits of exercise depending on task difficulty, we 
further investigated the effect of session on RT for each cognitive test, by conducting a series 
of RM-ANOVAs with session (control, 3 stair climb, and 6 stair climb) as a within subject 
factor, done separately for the Pro, Anti, and Pro/Anti tasks. A significant main effect of 
session on RTs was found only for the Pro/Anti task (see Table 6), with the fastest RTs 
occuring during the 6 stair climb session followed by 3 stair climb session and then control 
(see Table 5). Planned comparisons using Holm-Bonferroni correction showed that the 
difference between control session and 6 stair climb was significant (p = .003, r  = - 0.29) but 
not between control and 3 stair climb, and 3 and 6 stair climb (p > .099, r < - 0.17). There 
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was no significant main effect of session on RTs for the Pro and Anti tasks (see Table 6). 
Friedman’s test results were also consistent with the parametric test results (see Table 6). 
Mood 
Table 7 summarises the descriptive statistics for the six mood states during the 
control, 3 stair climb and 6 stair climb sessions and the results of the one-way RM-ANOVAs 
for each mood state with session (control, 3 stair climb and 6 stair climb) as the within-
subjects factor. The data for the sad, tense, tired and energetic mood states violated the 
assumption of normality, square root transformation successfully normalised the sad data. 
Neither transformation was effective for the tired and energetic data, so we used Friedman’s 
test to confirm the parametric results. Friedman’s test confirmed the results for tired mood 
states, however there was a significant effect of session for energetic mood state (see Table 
7). We used Wilcoxon signed-rank tests to further investigate the effect of session on 
energetic mood ratings. There was no significant difference in energetic ratings between 
control and 3 stair climb sessions, T = .937, r = -.01 and between the 3 and 6 stair climb 
sessions, T = .051, r = -.23. There was, however, a significant difference between control and 
6 stair climb; participants reported feeling more energetic during the 6 stair climb session 
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Table 1  
Descriptive Statistics for Physical Activity and Heart Rate Measures for Control, 3 and 6 Stair Climb Sessions in 36 Healthy Young Adults 
  Control  3 Stair Climb  6 Stair Climb  RM-ANOVA  Friedman’s 
ANOVA 
 M SD  M SD  M SD  F(2, 70) p ηp
2  X2(2) p 
Physical Activity                
 Frequency 
(days/week) 
4.53 1.93  4.50 2.08  4.86 1.90  0.28 .761 0.01  1.42 .491 
 Total  
(hours/week) 
8.16 6.12  8.89 6.11  8.54 5.18  0.72 .490 0.02  - 
Heart Rate               
 Resting Mean 81.59 12.65  79.14 13.35  79.03 11.20  1.16 .319 0.03  - 
 Resting Max 94.53 11.26  90.89 13.79  93.53 11.18  1.47 .236 0.04  - 
 Testing Mean 78.90 13.81  92.69 16.24  98.57 14.98  55.11  <.001 0.61  - 
 Testing Max 88.44 14.26  101.61 16.29  107.53 14.83  46.64  <.001 0.57  - 
Note. M = Mean. SD = Standard Deviation. Resting = Baseline (Resting) HR. Testing = HR while completing the cognitive tests and mood 
scales. Bold text refers to significant effect (p < .05). Total physical activity data was transformed using the square root transformation before 
conducting the analysis.
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Table 2  
Intensity Measures for Each Stair Climbing Interval for 3 and 6 Stair Climbing Session in 36 Healthy Young Adults 
  SC1  SC2  SC3  SC4  SC5  SC6 
  M SD  M SD  M SD  M SD  M SD  M SD 
Mean HR 
3 Stair Climb 111.2 13.6  126.4 20.3  132.6 22.0  -  
6 Stair Climb 111.9 14.0  129.9 23.3  137.0 24.1  145.4 26.0  152.0 24.8  153.3 25.7 
Max HR 
3 Stair Climb 121.9 16.7  136.1 22.2  143.0 24.8  -  
6 Stair Climb 123.1 18.8  139.0 25.1  146.8 25.5  154.4 26.4  161.8 25.5  162.1 25.7 
%HRMax 
3 Stair Climb 55.6   7.1  63.2 10.4  66.2 11.1  -  
6 Stair Climb 55.9   7.1  64.9 11.8  68.4 12.1  72.6 13.1  75.9 12.5  76.6 12.9 
%HRReserve 
3 Stair Climb 26.5 10.1  38.7 18.4  43.5 20.6  -  
6 Stair Climb 27.1 10.0  41.8 19.8  47.9 19.8  54.7 22.1  60.1 21.1  61.2 22.0 
                   
RPE Pre 
3 Stair Climb 6.7   1.0  10.6 2.2  11.9 2.3  -  
6 Stair Climb 6.6   1.0  10.4 2.4  11.5 2.5  12.0 2.6  12.7 2.8  13.1 2.9 
RPE Post 
3 Stair Climb 11.4   2.7  13.0 2.7  13.6 2.7  -  
6 Stair Climb 11.1   2.9  12.5 3.1  13.5 3.0  14.2 2.9  14.8 2.9  15.0 2.7 
                   
Stairs Climbed 
3 Stair Climb 86.6   8.9  81.4 9.9  81.9 11.7  -  
6 Stair Climb 83.9   9.2  80.4 8.6  80.6 9.3  80.1 10.1  80.2 10.8  79.7 11.7 
Total Stairs climbed 
3 Stair Climb 86.6   8.9  167.9 18.2  249.8 29.1  -  
6 Stair Climb 83.9   9.2  164.3 17.3  244.9 25.8  325.0 35.3  405.2 45.4  484.8 55.7 
Note. M = Mean. SD = Standard deviation. SC = Stair climbing interval. HR = Heart rat
EXERCISE DURATION AND COGNITION AND MOOD  39 
Table 3  
HR Effects: Paired Sample t Tests Results Comparing %HRMax between the Stair Climbing 
Intervals Separately for 3 and 6 Stair Climbing Session in 36 Healthy Young Adults 
 Paired Sample t Tests 
 3 Stair climb  6 Stair Climb 
Interval t(35) p 95% CI gav  t(35) p 95% CI gav 
SC1 vs SC2 5.87 <.001  [5.0, 10.2] 0.84  6.49 <.001  [6.2, 11.8] 0.90 
SC2 vs SC3 3.72 .001  [1.4, 4.7] 0.28  3.68  .001  [1.6, 5.5] 0.29 
SC3 vs SC4 -  3.70 .001  [1.9, 6.4] 0.32 
SC4 vs SC5 -  4.07 <.001  [1.6, 4.9] 0.25 
SC5 vs SC6 -  2.27 .030  [0.1, 1.3] 0.05 
Note. gav = Hedges’g. 95%CI = 95% confidence interval. SC = Stair climbing interval. 
Table 4  
HR Effects: Paired Sample t Tests Results Comparing %HRReserve between the Stair Climbing 
Intervals Separately for 3 and 6 Stair Climbing Session in 36 Healthy Young Adults 
 Paired Sample t Tests 
 3 Stair climb  6 Stair Climb 
Interval t(35) p 95% CI gav  t(35) p 95% CI gav 
SC1 vs SC2 5.78 <.001  [7.9, 16.5] 0.81  6.29 <.001 [10.0, 19.5] 0.92 
SC2 vs SC3 3.47    .001  [2.0, 7.6] 0.24  3.56 .001 [2.6, 9.5] 0.30 
SC3 vs SC4 -  3.67 .001     [3.1, 10.6] 0.32 
SC4 vs SC5 -  4.19 <.001 [2.8, 8.0] 0.24 
SC5 vs SC6 -  2.11 .042 [0.0, 2.1] 0.05 
 Note. gav = Hedges’g. 95%CI = 95% confidence interval. SC = Stair climbing interval. 
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Table 5  
Cognitive Performance: Mean Reaction Times (ms) and Accuracy (Percent Correct 
Responses) for the Pro, Anti and Pro/Anti Tasks during the Control, 3 and 6 Stair Climbing 
Sessions in 36 Healthy Young Adults 
  Control  3 Stair Climb  6 Stair Climb 
Cognitive Tests M SD  M SD  M SD 
Pro Task         
 Median RT 300 44  293 37  291 34 
 Accuracy 99.65 1.06  99.72 0.80  99.58 1.12 
Anti Task         
 Median RT 339 46  336 41  334 40 
 Accuracy 99.03 1.82  98.26 2.05  98.47 1.92 
Pro/Anti Task         
 Median RT 500 99  486 89  473 91 
 Accuracy 96.81 2.84  96.18 3.51  96.18 4.03 
Note. M = Mean. SD = Standard deviation. Median RT = raw median reaction time in 
milliseconds for correct responses only.  
Table 6  
Cognitive Performance: Repeated Measures ANOVAs Results for the Main Effects in 36 
Healthy Young Adults 
 RM-ANOVA  Friedman’s ANOVA 
Main Effect df F ratio p ηp
2  X2 (2) p 
Cognitive Test 1.053, 36.853 248.477 <.001 .877   72.000   <.001 
Session 2, 70    3.396 .039 .088  6.889 .032 
Pro Task 1.352, 47.335    1.332 .265 .037  3.389 .184 
Anti Task 2, 70    0.393 .676 .011  1.500 .472 
Pro/Anti Task 2, 70    3.289 .043 .086  8.722 .013 
Note. Bold text refers to significant effect (p < .05). Italicised text refers to trend (p < .1). 
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Table 7  
Descriptive Statistics and Repeated Measures ANOVAs Results for Each Mood State during the Control, 3 and 6 Stair Climbing Session in 36 
Healthy Young Adults 
 






Mood State M SD  M SD  M SD  F(2, 70) p ηp
2  Χ2(2) p 
Sad 16.22 18.10  18.19 21.41  13.08 16.77  1.43 .246 0.04  - 
Tense 29.94 19.47  27.17 23.05  24.36 22.61  0.87 .425 0.02  - 
Happy 65.92 18.06  65.28 19.10  66.33 18.80  0.06 .938 0.01  - 
Tired 45.78 25.61  45.58 27.96  45.56 26.88  0.01 .999 0.01  0.10 .951 
Energetic 52.25 25.18  52.44 25.57  61.33 23.66  2.86 .064 0.08  6.73 .035 
Calm 70.14 19.67  72.11 18.88  70.64 19.59  0.21 .808 0.01  - 
Note. M = Mean, SD = Standard deviation. Bold text refers to significant effect (p < .05). Data for sad and tense mood states was transformed 
using the square root transformation before conducting the analysis.  
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Discussion 
The purpose of the current study was to investigate the effects of acute bouts of high 
intensity interval stair climbing on cognitive performance and mood states. Specifically, we 
aimed to determine whether there is a dose-response relationship between stair climbing 
duration and cognitive performance and mood. We predicted that the magnitude of the 
benefits would increase with the dose, thus providing evidence of a dose-response 
relationship. The results provided some evidence supporting a dose-response relationship for 
cognitive performance as the overall performance on the cognitive tests showed a pattern of 
better performance during the 6 stair climb session followed by 3 stair climb session and then 
control (see Figure 5). Regarding performance on the Pro/Anti task, overall stair climbing 
had a positive effect, as would be expected based on past research, and the pattern of benefits 
was consistent with a dose-response relationship, as shown in Figure 5. This pattern of results 
did not emerge for performance on the Anti task and the Pro task. Regarding mood, the 
benefits of stair climbing were surprisingly limited, although there was some evidence of 
improved positive mood, consistent with our hypothesis. Although the dose manipulation was 
highly effective based on the intensity measures (%HRMax) the dose-response relationships 
with respect to the cognitive and mood measures were weaker than anticipated. The results 
for exercise intensity, cognitive performance and mood states are discussed separately in the 
following sections.  
Exercise Intensity 
Although there was ample evidence to suggest that the number of stair climbing 
intervals had an effect on participants’ %HRMax (on average, overall %HRMax was higher 
during the 6 stair climb session compared to the 3 stair climb session), both subjective ratings 
and objective measures of heart rate indicate that participants did not reach high intensity 
during the sessions. Average intensity (%HRMax) was 61.67% during the 3 stair climb session 
EXERCISE DURATION AND COGNITION AND MOOD  43 
and 69.05% during the 6 stair climb session, which indicates that the exercise intensity 
achieved by our participants was on average in the moderate intensity range (Norton et al., 
2010).  Likewise, when participants were asked to provide a rating on the RPE scale, 
participants reported a mean rating of 12.67 during the 3 stair climb session and 13.52 during 
the 6 stair climb session, which both fall within the moderate intensity exercise (Norton et al., 
2010). While in the last interval for both sessions, it can be seen from Table 2, that the 
%HRMax and RPE was higher during the 6 stair climb session (%HRMax = 76.6 and RPE = 15) 
than the 3 stair climb session (%HRMax = 66.2 and RPE = 13.6), which shows that the dose 
manipulation of duration was effective. 
Considering that most participants did not reach high intensity, these results are 
inconsistent with past studies in which participants were able to reach high intensity during 
the exercise protocols (Tsukamoto et al., 2016; Wohlwend et al., 2017). There are several 
possible explanations for why our participants did not reach high intensity during the exercise 
sessions. The first is the type of exercise used. Previous studies used specialised equipment 
(e.g., cycle ergometer, treadmill) that gave the researchers higher levels of control over their 
participants and allowed them to set the intensity at which they wanted the participants to 
train (i.e., the intended high intensity of %HRMax = 90%). That is, participants had no choice 
but to exercise at a high intensity. In the current study we did not use specialised equipment 
as we wanted to have high ecological validity for our findings and develop an intervention 
that is naturalistic, more accessible, and readily applicable to real life settings. Future 
research may consider giving participants a range of how many times they should climb the 
flight of stairs in one min (e.g., eight to nine times in 1 min), as this may increase the chances 
of achieving high intensity. As past research has shown that cognitive benefits post high 
intensity exercise are higher compared to moderate intensity exercise (Kao et al., 2018; Kao 
et al., 2017; Mehren et al., 2019).  
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In an attempt to aid participants in achieving high intensity exercise, we reduced the 
recovery period from 1 min to 45 s (compared to Kaur, 2019; Stenling et al., 2019), as 
previous studies that used a recovery period that was shorter than the exercise period were 
able to achieve high intensity in their participants (Kao et al., 2017; Tsukamoto et al., 2016). 
Unfortunately, this did not help in achieving high intensity in the current study, and in fact 
the intensity achieved was less compared to Stenling et al. (2019) and Kaur (2019). It could 
be that as participants knew that the recovery period was short, they chose to climb the stairs 
at a pace where they would not get too tired. It may also be worth noting that stair climbing in 
general requires more effort as more muscles are engaged than running or cycling (Oldenburg 
et al., 1979), and Kao et al. (2017) and Tsukamoto et al. (2016) both used running and 
cycling as interventions. Therefore, it is possible that shorter recovery periods are more 
suitable for cycling or running protocols, whereas stair climbing protocols require longer 
recovery periods. Thus, rather than reducing the recovery period, future research may find it 
more fruitful to set a range of flights such as climbing at least eight to nine flights of stairs in 
1 min so that they achieve high intensity. 
Another reason why participants did not reach high intensity could be that in the 
current study, participants were not informed that it was a high intensity workout before they 
started the exercise protocol. Future studies may want to consider informing participants that 
“this is a high intensity workout, please try to go as fast as you can go while maintaining 
control and safety”. Perhaps making it clear that it is intended to be a high intensity exercise 
protocol would make the participants strive to complete the workout at a higher intensity. 
That being said, participants may also not have been motivated to climb the stairs as fast as 
they could. When comparing the number of stairs climbed by our participants to previous 
studies with similar protocols, we found that, on average, our participants climbed fewer 
stairs. The mean number of stairs climbed during the 3 stair climb session in the current study 
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was 83.27 stairs in each interval, whereas in Stenling et al. (2019) participants climbed an 
average of  92.10 stairs in each interval (a difference of 8.83 stairs, on average). The mean 
number of stairs climbed during the 6 stair climbing session in the current study was 80.80 in 
each interval, and in the Kaur (2019) study participants climbed an average of 84.33 in each 
interval, a difference of 3.53. This shows that the participants in the current study tended to 
be slower during both sessions. In addition to the shorter recovery period being a potential 
driver for the current participants climbing at a slower rate, one might speculate that one 
reason for this could be that we may have had a cohort of inactive individuals who found stair 
climbing difficult, especially at a high intensity. However, the current sample self-reported 
high levels of physical activity on the NZPAQ (total physical activity = 8.53 hours/week on 
average across the three sessions) and the New Zealand physical activity guidelines reports 
that > 5 hours/week is considered “very active” (Van et al., 2003). Therefore, the current 
sample was an active group, but perhaps were not motivated enough to go faster and achieve 
high intensity.  
Cognitive Performance 
In support of our overall hypothesis, there was a significant main effect of session, 
which indicates that overall cognitive performance (averaged across the three cognitive tasks) 
was better after exercise compared to control session. These findings are consistent with 
previous studies that also found better cognitive performance after exercise when compared 
to a control condition (no exercise; Akatsuka et al., 2015; Ludyga et al., 2018). More 
importantly, we found evidence of a dose-response pattern, as performance was highest 
during the 6 stair climb session, followed by the 3 stair climb session and then control, as 
shown in Figure 5. There was also a medium to large effect of session for the most 
challenging task, Pro/Anti, with the pattern consistent with a dose-response relationship 
(better performance during the 6 stair climb session, followed by the 3 stair climb session and 
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then control). However, post hoc analyses revealed that the significant difference was only 
between the control and the 6 stair climb session. For the less challenging tasks, Pro and Anti, 
there was no significant evidence that performance improved during the exercise sessions 
compared to control. Overall, the pattern of cognitive benefits fit with  past research showing 
that challenging tasks tend to benefit more from exercise than less challenging task (Bae & 
Masaki, 2019; Basso & Suzuki, 2017). 
Better cognitive performance during the exercise sessions could be because of Oxy-
Hb hemodynamic changes. Research has shown that exercising results in an increase in blood 
flow to the brain, thus resulting in increased supply of oxygen to the brain (Angevaren et al., 
2007) and Williams et al. (2019) has also shown that there is a significant correlation between 
the oxygen supply and cognitive performance. For example, Kujach et al. (2018) found that, 
compared to a control condition in which no exercise was completed, when participants 
completed the Stroop interference task following exercise there was increased oxygen supply 
to the brain (specifically to the prefrontal region of the brain). Unfortunately, the current 
study did not include a measure to investigate cerebrovascular blood flow as a possible 
explanation for the link between exercise and cognitive improvement. Thus, future research 
could consider including measures of hemodynamic changes (e.g., fNIRS) to investigate 
whether stair climbing results in Oxy-Hb hemodynamic changes which could help identify 
the underlying mechanism for improved cognitive performance, and could also be used to 
investigate whether the changes differ with exercise duration. 
Given that participants achieved the highest level of exercise intensity during the 6 
stair climb session and performance on the Pro/Anti task was best during the 6 stair climbing 
session suggests that there is a link between the exercise intensity and cognitive benefits. 
Perhaps, it could also be that staying at a moderate intensity for a longer period of time is also 
beneficial, as there is not a big difference in %HRMax (7.38%) between overall intensity 
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achieved during the 3 and 6 stair climb sessions. As shown in Table 2, during the 6 stair climb 
session participants’ %HRMax still increased after the third stair climbing interval, and almost 
plateaued between stair climbing interval 5 and 6. These results are consistent with Chang et 
al. (2015) who also found that exercising for 20 min at moderate intensity compared to only 
10 min resulted in improved cognitive performance. This suggests that duration may also be 
an important factor in determining exercise-related cognitive benefits, and that our 3 stair 
climb session was too short. That being said, Stenling et al. (2019) did find significant 
improvement in cognitive performance in a subset of the participants using only 3 stair climb 
intervals, but their participants were able to reach a higher intensity compared to the current 3 
stair climb session. Thus, future research should consider further investigating the link 
between exercise intensity and duration and cognitive performance using longer duration 
protocols. Perhaps including a measure of hemodynamic changes as mentioned before to help 
determine whether a short but more intense exercise session induces similar physiological 
changes, and thus cognitive benefits, as a longer but moderate intensity session. 
Finally, exercise-related cognitive benefits appeared to be affected by task difficulty, 
as we only found significant effects of exercise on the most challenging task (Pro/Anti). 
Moreover, the effect size was much larger for Pro/Anti task compared to Pro and Anti task, 
indicating that more challenging task benefit more than less challenging tasks. There was no 
significant effect of exercise on the less challenging tasks (Pro and Anti). These findings are 
consistent with previous studies that found similar results of improvement in performance for 
the more challenging tasks (Akatsuka et al., 2015; Stenling et al., 2019). One possible 
explanation is that participants were already quite fast at or near ceiling performance during 
the control session, which did not leave much room for improvement during the exercise 
sessions. When the RTs for the Anti task are compared to Kaur (2019), participants in the 
current study were faster (RT = 339 ms) compared to Kaur (2019; RT = 352 ms) during the 
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control session. Indeed, participants in the current study may not have found the Anti task 
sufficiently challenging. Future research could use a more challenging alternative to the Anti 
task, such as the Stroop test, which also measures inhibition, as past research has shown that 
cognitive performance on challenging tasks tends to benefit more from exercise compared to 
performance on less challenging tasks as there is more room for improvement (Basso & 
Suzuki, 2017). 
Mood States 
Although the benefits of exercise on mood states were more limited than predicted, 
participants did report feeling more energetic during the exercise session compared to control. 
Post hoc analyses revealed that this effect was due to a significant difference in energetic 
ratings between control and the 6 stair climb session; participants reported feeling more 
energetic during the 6 stair climb session compared to control. These findings are consistent 
with other studies in which participants reported an increase in vigour after acute exercise 
(Hoffman & Hoffman, 2008; Stenling et al., 2019). There was also a weak pattern (p = .425, 
ηp
2 = 0.02) consistent with a dose-response relationship for the tense mood state, as ratings 
were highest in the control condition, followed by the 3 stair climb and then the 6 stair climb 
conditions. That is, as exercise duration increased there was a tendency for tense ratings to 
decrease. This effect was not statistically significant, in contrast to Stenling et al. (2019). 
Also, at odds with our hypothesis, there were no other significant effects of exercise on mood 
states. These findings are not consistent with Stenling et al. (2019), who reported a significant 
decrease in negative mood states following a single bout of interval stair climbing. This may 
be due to the fact that the exercise intensity achieved by participants in Stenling et al. (2019) 
was higher than in the current study, as suggested with regard to cognitive benefits. It may be 
that our participants needed to achieve a higher intensity of exercise for us to be able to detect 
further significant differences in the mood states. 
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Another possible reason for not finding any effect of exercise on the other mood states 
could be because of the current cohort of very active participants. Past research has shown 
that the reason for change in mood states after exercise is due to the increase in production of  
hormones and neurotransmitters such as dopamine (Newsholme, 1987). Dopamine is a 
neurotransmitter responsible for affective functions, emotion and reward systems (Ayano, 
2016). However, exercise-induced dopamine release appears to be dependent on how 
physically active a person is and the dopamine system also differs between sedentary and 
physically active individuals (Knab & Lightfoot, 2010). Moreover, there is some evidence in 
physically active rodents which shows that dopamine is released when a certain threshold is 
achieved (Hattori et al., 1994). Although there is no clear evidence for humans, similar 
mechanisms may be taking place for humans as well. Moreover, for the current study 
participants did not exercise at a strenuous level as they did not reach high intensity. There is 
very limited research that has compared dopamine release in physically active and sedentary 
individuals post exercise. There is one line of evidence by Wang et al. (2000) who compared 
dopamine activity in physically active participants during two sessions: baseline/control, and 
post 30 min of vigorous treadmill training using positron emission tomography (PET). PET 
scans showed no difference in the dopamine concentrations during the two sessions. Wang et 
al. (2000) suggests that there could be a threshold that has to be met before dopamine is 
released and 30 min exercise in regularly physically active individuals may not be enough 
(Wang et al., 2000). Similarly, in the current study, it could be that participants did not reach 
the threshold to release dopamine and experience a subsequent change in mood. Overall, 
there is some evidence to suggest that an interval stair climbing protocol benefits mood 
states, but future research could investigate by recruiting a more generalisable sample. 
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Strengths and Limitations 
A major strength of the current study is that we used a randomised cross-over design. 
This meant that participants acted as their own control, reducing variance in the outcomes as 
well as the influence of any potential confounders. Additionally, having the same participant 
complete each level of the intervention removed any biological variation and provided a more 
precise estimate of the effect of the intervention. Another strength of the current study is that 
it adds to the limited literature investigating the dose-response relationship between interval 
training, cognitive performance, and mood states, as most research has focused on the 
relationship between continuous exercise and cognitive performance. Furthermore, in 
contrast to most past exercise interventions, the current study used a readily translatable form 
of exercise. Therefore, the stair climbing protocol used in the current study provides a viable 
alternative that is readily available to members of the public who cannot afford to go to the 
gym. Moreover, it is a time efficient protocol that can benefit people who are otherwise too 
busy to regularly exercise. 
This study is not without limitations. One key limitation is that, although not 
specifically targeted, our sample of participants turned out to be particularly physically active 
individuals. Therefore, the results are applicable to populations of healthy young adults that 
are relatively active and do not necessarily apply to other, less physically active populations. 
Past research has shown that cognitive benefits vary depending on whether the participants 
are active or sedentary. For example, Loprinzi and Kane (2015) found that active participants 
performed better on challenging tasks (switching tasks) compared to sedentary individuals 
after acute exercise. Therefore, future research should consider recruiting a sample that is a 
more accurate representation of the population, as only 51% of young adults in New Zealand 
are physically active for at least 30 min/day (Ministry of Health, 2019). Perhaps how the 
participants were recruited affected who signed up for the study. In the advertisement, it was 
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explained that the study would involve sessions in which participants would be required to 
stair climb. This might have attracted a relatively active population, and potentially 
discouraged sedentary individuals from signing up as stair climbing is difficult compared to 
other forms of exercise (such as running or cycling on a flat surface; Oldenburg et al., 1979). 
Future research should consider not specifying the type of exercise the study involves for a 
more diverse population to sign up. For example, the advertisement should only mention that 
participants would have to complete an exercise protocol in some sessions, although this 
could risk some people who are unable to run up and down stairs turning up, thus exclusions 
might increase. 
Another major limitation of the study as mentioned before was that participants did 
not reach high intensity during stair climbing, which could be because participants were not 
told that it was a high intensity exercise protocol. Furthermore, participants may not have 
been motivated to exercise at a high intensity, evidenced by the fact that some participants 
chose to walk, rather than run, up and down the stairs. We therefore recommend that future 
studies explicitly instruct participants to run up and down the stairs at a high intensity (while 
maintaining control and safety), as this may encourage participants to actually exercise at a 
higher intensity. Moreover, the design of the study did not allow us to exclude any data, of 
particular relevance here are the participants who walked up and down the stairs and did not 
experience much difference in the heart rate, as having a randomised cross-over design with 
three sessions resulted in a very complicated design because it required counterbalancing in 
blocks of six. Thus, excluding data for one participant would mean having to exclude five 
others to maintain the counterbalanced design, which would have resulted in an 
underpowered sample for the analyses. In relation to counterbalancing, we were unable to test 
for the effects of moderators such as history of physical activity and caffeine consumption, 
which poses a limitation as past research has shown that physical activity and caffeine 
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consumption habits affect cognitive performance (Guiney & Machado, 2013; Rees et al., 
1999). In addition, we were unable to test for the effects of moderators because participants 
attended three sessions, so there was a possibility that at the individual level the moderators 
were not consistent across the three sessions making it difficult to single out the effect.   
The current study was also limited by the fact that our sample had an uneven number 
of males and females, as the majority of the participants were female. Past research has 
shown that males generally tend to perform better on complex tasks (such as incompatible 
conditions in a Flanker task) compared to females (Stoet, 2010), but the current sample size 
did not allow us to investigate this potential interaction as we did not have a large enough 
sample to divide it in half (males vs. females) while maintaining at least 80% power to detect 
possible effects. If males tend to perform better on complex tasks, this could mean that, 
compared to females, they are less likely to show exercise-related improvement in cognitive 
performance, as room for improvement is much smaller, although this pattern withstand 
against the Stenling et al. (2019) result. Nonetheless, analysing males and females together as 
one sample could potentially have obscured any sex-specific improvements. Thus, future 
research should consider recruiting a large sample with equal number of males and females 
so they can investigate potential sex differences in improved cognitive performance 
following an acute bout of exercise.  
Conclusion 
Overall, the current study provides some evidence that stair climbing benefits 
cognitive performance and mood. These findings, provide further evidence that this readily 
translatable form of exercise can be used as a cognitive and mood enhancer. The main focus 
of the current study was to determine whether there is a dose-response relationship between 
exercise duration and improved cognitive performance. Although the results showed a pattern 
for greater cognitive benefits during the 6 stair climbing session relative to the 3 stair 
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climbing session, this effect was not significant. The current study was limited by a small 
sample size and the fact that participants did not meet the criteria for high intensity exercise, 
therefore future research should endeavour to recruit a larger sample size involving 
participants who exercise at high intensity to further investigate the relationship between 
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Appendix A 
Table A1  
HR Effects: Wilcoxon’s Signed-Rank Test Results of Comparing %HRMax between the Stair 
Climbing Intervals Separately for 3 and 6 Stair Climbing Session in 36 Healthy Young Adults 
 Wilcoxon’s Signed-Rank Tests  
 3 Stair climb  6 Stair Climb 
Interval T p r  T p r 
SC1 vs SC2 59.0 .000 -0.51  44.0 .000 -0.54 
SC2 vs SC3 113.0 .001 -0.39  109.0 .000 -0.41 
SC3 vs SC4 -  103.0 .000 -0.43 
SC4 vs SC5 -  30.0 .000 -0.56 
SC5 vs SC6 -  166.0 .009 -0.31 
Note. SC = Stair climbing interval. 
Table A2  
HR Effects: Wilcoxon’s Signed-Rank Test Results of Comparing %HRReserve between the Stair 
Climbing Intervals Separately for 3 and 6 Stair Climbing Session in 36 Healthy Young Adults 
 Wilcoxon’s Signed-Rank Tests 
 3 Stair climb  6 Stair Climb 
Interval T p r  T p r 
SC1 vs SC2 61.0 .000 -0.50  46.0 .000 -0.53 
SC2 vs SC3 116.0 .001 -0.38  110.0 .000 -0.41 
SC3 vs SC4 -  108.0 .000 -0.42 
SC4 vs SC5 -  32.0 .000 -0.56 
SC5 vs SC6 -  173.0 .012 -0.30 
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Appendix B 
Physical Activity Readiness Questionnaire (PAR-Q) and You 
Common sense is your best guide when you answer these questions.  Please read the questions 
carefully and answer each one honestly: 
 















YES NO    
  □   □ 1. Has your doctor ever said that you have a heart condition and that you should only do  
   physical activity recommended by a doctor? 
  □  □ 2.  Do you feel pain in your chest when you do physical activity? 
  □  □ 3.  In the past month, have you had chest pain when you were not doing physical activity? 
  □  □ 4. Do you lose your balance because of dizziness or do you ever lose consciousness? 
  □  □ 5. Do you have a bone or joint problem that could be made worse by a change in your  
   physical activity? 
  □   □ 6. Is your doctor currently prescribing drugs (for example, water pills) for your blood  
   pressure or heart condition? 
  □  □ 7. Do you know of any other reason why you should not do physical activity? 
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Appendix D 
New Zealand Physical Activity Questionnaire – Short Form 
The questions below are about the time you spent being physically active in the last 7 days. 
Do not include activity undertaken today. ‘Active’ means doing anything using your muscles.  
 
Think about activities at work, school or home, getting from place to place, and any activities 
you did for exercise, sport, recreation or leisure. There are separate questions about brisk 




1. During the last 7 days, on how many days did you walk at a brisk pace – a brisk pace 
is a pace at which you are breathing harder than normal?  
 
This includes walking at work or school, while getting from place to place, at home and at 
any activities that you did solely for recreation, sport, exercise or leisure. 
 
Think only about brisk walking done for at least 10 minutes at a time. 
 
________ days per week (GO TO 2) 
 
 None (GO TO 3) 
 
2. How much time did you typically spend walking at a brisk pace on each of those 
days? 
 
________ hours ________ minutes 
 
Moderate physical activity 
 
3. During the last 7 days, on how many days did you do moderate physical activities?  
 
‘Moderate’ activities make you breathe harder than normal, but only a little – like carrying 
light loads, bicycling at a regular pace, or other activities like those on this card (Showcard 1 
– Moderate Physical Activity).  
 
Do not include walking of any kind. Think only about those physical activities done for at 
least 10 minutes at a time. 
 
________ days per week (GO TO 4) 
 
 None (GO TO 5) 
 
4. How much time did you typically spend on each of those days doing moderate 
physical activities? 
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Vigorous physical activity 
 
5. During the last 7 days, on how many days did you do vigorous physical activities?  
 
‘Vigorous’ activities make you breathe a lot harder than normal (‘huff and puff’) – like heavy 
lifting, digging, aerobics, fast bicycling, or other activities like those shown on this card 
(Showcard 2 – Vigorous Physical Activity)? 
 
Think only about those physical activities done for at least 10 minutes at a time. 
 
________ days per week (GO TO 6) 
 
 None (GO TO 7) 
 
6. How much time did you typically spend on each of those days doing vigorous 
physical activities? 
 
________ hours ________ minutes 
 
Frequency of Activity 
 
7. Thinking about all your activities over the last 7 days (including brisk walking), on 
how many days did you engage in: 
 
• At least 30 minutes of moderate activity (including brisk walking) that made you breathe a 
little harder than normal, OR 
 
• At least 15 minutes of vigorous activity that made you breathe a lot harder than normal 
(‘huff and puff’)? 
 




Stage of Change 
 
8. Describe your regular physical activity over the past six months.  
Regular physical activity means at least 15 minutes of vigorous activity (makes you ‘huff and 
puff’) or 30 minutes of moderate activity (makes you breathe slightly harder than normal) 
each day for 5 or more days each week. Include brisk walking. 
 
 I am not regularly physically active and do not intend to be so in the next 6 months 
 I am not regularly physically active but am thinking about starting in the next 6    
months 
 I do some physical activity but not enough to meet the description of regular physical 
activity 
 I am regularly physically active but only began in the last 6 months 
 I am regularly physically active and have been so for longer than 6 months 
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Part 2: Visual analogue scale 
Mark the position on the line that best indicates:  
How physically active do you feel you were in the past 7 days? 
Not all         Extremely 
 
